The solubility of a solute in a solvent is considered to be one of the characteristic physico-chemical properties of the solute from the fact that it is of a definite quality under such conditions as the temperature and the pressure. Nevertheless, the relation between the solubility of a solute and its other properties has not been elucidated yet, and theories concerning the saturation of a solute still remain within the scope of thermodynamics.
Saturated Solution.
In the saturated solution of a solute whose solubility increases with the rise of temperature, the vapour pressure increases with the rise of temperature, reaching the maximum particular to the solute, and will decrease sharply toward the the melting point of the solute and then disappear. This phenomenon was deduced by Roozeboom from his experiment on the hydrate of CaCI" and theoretical discussions were made by van der Waals"l, Sntit86' and others. Jellinek has lately derived the theoretical formula of this from the activity of a solution".
Let us examine this relation from the above mentioned general relation. In a saturated solution, the vapourisation of a solvent is accompanied by the crystallisation of a solute. This requires the relations (t) and (2) to hold simultaneously :
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In this equation, vo and (,I'-v)x arc negligibly small. So assuming that vapour obeys the gas law, we have
This equation expresses the relation between the vapour pressure and the temperature of a saturated solution. While the solubility x is small and Qo-xL >0, the vapour pressure increases with the rise of temperature. When the solubility becomes remarkably large with the rise of temperature, Qo-xL becomes o and here the vapour pressure reaches the maximum. At higher temperatures, 4) 11. W. It. Rooseboom, Rec. cmv., 8, t (1889) ; Z, physik. Cheer., 2, x46 (x888); 4, 31 (1889} 5) Van der Waab. Lehed. d Thennodvmmik., II. 370, 521 (1912) . 6) A. Smit., Z. physik. Chem., 78, 708 (1912 These results justify the van der Waals-Roozeboont theory.
Unsaturated Solution.
The relation between the vapour pressure of an unsaturated solution and the temperature has generally been discussed by the Clausius-Clapeyron theory, but the question whether this theory is applicable to a concentrated solution or not
has not yet been experimentally demonstrated.
Assuming that the concentration is constant, equation (1) becomes ClausiusClapeyron's formula. Taking C to be the integration constant, the equation may be rerwitten as T log p= Q0 +CT. Solubility.
The measurement of the solubility of a solvent at the temperatures near the boiling point, especially at temperatures higher than the point being 
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T. KUME Vol. XII hard to make, the solubilities of these salts at high temperatures had not been determined before. The author, however, could determine the solubilities by the ratios of the solutes to their solvents in the mixtures and the angular points of the vapour pressure curves of the solutions, that is, the transition points from the saturated states to the unsaturated ones (for example, M" X. M,, etc. in Figs. t, 2, 3 and 4). The results thus determined are shown in Figs 9, io and ii, and the solubility curves thus obtained above too°C. continue smoothly to those already obtained below the temperature. This fact justifies the determination of the solubility by this method.
Vapour Pressure and Concentration of a Concentrated Solution.
Raoult's law concerning the depression in the vapour pressure of a solution by its non-volatile solute is applicable only to dilute solutions and not to any other solutions, especially to concentrated solutions. This deviation has been explained from the molecular depression of the vapour pressure, or with van't I-Iof's coefficient, or by a kinetic theory, and yet there is no satisfactory explanation made.
From the experimental results, the author derived the following empirical formula concerning the vapour pressure and concentration of a concentrated aqueous solution,:
' p no where p, and p are the vapour pressures of pure water and of an aqueous solution respectively, n, and n the numbers of mots of water and of a solute in the solution respectively. As for k, it is a coefficient characteristic of a given solute and is constant, so long as the solution is !it the saturated state, being always independent of the temperature and the concentration, but it varies according to the concentration while the solution is in the unsaturated state. As will be mentioned later, this coefficient is a characteristic coefficient. In a solution, both the solute and the solvent are in some particular molecular states. Accordingly, it is considered that the solute has a value or effect k times as large as its own number of mots : in other words, the solvent has a value or effect /.(= ilk) times as large. Therefore, the actual effects of the solute and the solvent in a solution as concentrations will be as follows: The author has named these values the "effective concentrations " in an aqueous solution.
Then the above-mentioned relation (5) or (5)' may be interpreted as follows. The vapour pressure of a concentrated aqueous solution of a non-volatile solute is proportional to the effective concentration of the solvent in the solution, that is. of water. This is an experimentally obtained relation common to the solutions of non-volatile solutes. In the case of an ideal solution which does not make ionisation or a dilute solution approximate to it, the value of k approaches I, and its effective concentration becomes the ordinary concentration or the molar fraction ; hence equation (5) becomes Raoult's equation.
In equation (I), assuming that the temperature is constant, vo is negligible for an and the vapour obeys the gas law, we have d In p = no aye __ n
dx RT an, (x no This is the general equation expressing the relation between the vapour pressure and the concentration of a solution of a non-volatile solute. The function however, is unknown, because the inner state of a solution has not been made a go clear. Therefore, the equation can not be integrated.
In the case of an ideal solution the chemical potential of a solute is expressed by tp=N+RTJn N,
where is the function only for the temperature and the pressure and V is the molar fraction of the solute. Accordingly, equation (7) being integrated, it becomes lnp=-ln (X+ 1)+ C,
or P = I (9), p0 r+ I This is precisely Raoult's law and shows that the vapour pressure of a solution is proportional to the concentration or the molar fraction of the solvent in the solution.
As this relation can not be applied to the' general case, let us consider Lewis' activity for the actual solution, then the chemical potential of the solute will be as follows :
where a and f are activity and the activity coefficient of the solute respectively.
Accordingly, from equation (7), we have
In p= -In (x+ 1)-f x d lnf dx+ C. Now, let ao and f represent the activity and the activity coefficient of the solvent respectively, then we have Inf=-fxdlnf dr.
Therefore,
In p=-In(x+t)+lnf+Inpo,
Here we have the said relation that the vapour pressure of a solution is proportional to the activity of the solvent.
In the case of a concentrated solution of non-volatile solute, it is evident from equations (9)' and (i 1)' that the vapour pressure is proportional experimentally to the effective concentration of a solvent and theoretically to the activity of the solvent. When those two relations are considered to be of the same nature, the relations between the effective concentration and the activity of a solution can be obtained thus: for the solvent. This relation shows that the activity of the solute is equivalent to the k'th order of the effective concentration, when k is a constant in the saturated state.
Saturation of Aqueous Solution : Saturation Coefficient.
First, let us examine the coefficient k which shows the effective concentration.
In the case where a solution is in the saturated state, the coefficient is constant, irrespective of the temperature and the concentration. This is seen in Tables I,   II and III. As seen from these tables, over a very wide temperature range such as from low temperatures up to the melting point of each salt and also over a wide concentration range such as a/no=o.ol-30.0, each salt always has its particular constant value. This fact is observed without exception in all the results of experiments on saturated solutions, which have already been reported by many investigators. The values of k of various kinds of salts thus obtained are given in Table IV. When a solution is in the unsaturated state, k varies according to the temperature or concentration of the solution. But in case the degree of saturation of the solution is taken into consideration, k becomes independent of the temperature. Let x and x, represent a given concentration of a solution and its solubility at the same temperature respectively, then the value of the ratio, S= x is always o-..1. The author calls S " the degree of saturation " of the solution.
From the experimental results of the author and other investigators, for unsaturated solutions such results were obtained as shown in Figs. 12, 13 , etc., k being plotted for the degree of saturation S instead of the concentration x.
It is apparent from these figures that the values of k plotted for S at different temperatures lie on a smooth curve and that the change of k for S is independent of the temperature. 9) P. Pnwlowitsch, Z. physik. Chem., 84, '7o ('9x3). solute which is to decide the solubility, being independent of both the temperature and the concentration. The coefficient, therefore, is named " Saturation coefficient "
of the solute in an aqueous solution.
It is apparent that it is affected by the inner state, for example, the ionic dissociation, association or hydration of the solute, or the depolymerisation of the solvent in an aqueous solution.
As is seen in Table IV , the large the radius of the ion, the value of k is small for the cation, and vice versa for the anion. The value of k, however, varies even in the same salt if the molecular state of the salt as " Bodenkorper " differs, as seen in Table   V . In the table, the irregularity of thee value of k both in the n9ighbourhood of the transition point of "Badenkbrper" and in the temperature range between 5o°-roo°G seenss to he due to the facts that the "Bodenkrirper" is not homogeneous and that some unstable hydrate of higher order coexists. what the author has named " Saturation coefficient ". In the saturated state of a n) K. Aril, Bull. Lut. fhw. them. Reuarch (Tokyo), 7, 891: Bug. Ed., 1. 83, (1928) . tz) Adams and Merz, Ind. En. them., 21, 305 (1929) . solution it has always a constant value particular to each solute, being independent of the temperature and the concentration. In the unsaturated state it is related only to the degree of saturation and makes a change particular to each solute, being independent of the temperature.
Therefore, the coefficient is a characteristic coefficient of an aqueous solution to decide the state of saturation of the solution.
The physical meaning of this coefficient can not be elucidated yet, but the above-mentioned facts show that in case the degrees of saturation in aqueous solutions of a salt are the same the inner states of the solutions are always the same, being independent of the temperature and the concentration. Furthermore, they show that even in the case of the same salt the difference of the molecular state of the " Bodenkorper ",-an anhydrate, a hydrate, a degree of hydration or a crystal structure-leads to the difference of the molecular state in each aqueous solution and hence the difference of the state of saturation.
Further research on the subject is in progress.
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